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Introduction.—In previous papers upon the Geology of the English
Lake District, which I have had the honour of laying before the
Geological Society, special considerations of theoretic significance
have been dwelt upon, and in the official memoir upon the Geology
of the northern part of the English Lake District, detailed facts
have been brought forward and a sketch given (in chap, xii.) of the
original relation of the formations to each other, and their physical
history. I yet venture to think, however, that there is need of a
general summary of the facts relating to Physical History which may
reach a wider circle of readers than do the official memoirs, and
which may stimulate further inquiries into this deeply-interesting
subject. The following pages may therefore be regarded as a sequel
to my former papers on the district, and in some measure as a last
chapter to the story told thus far.1
AGE OF THE DISTRICT.
Our first inquiry is naturally—What is the age of this small
mountain district of Cumbria ? Do Scafell, Helvellyn, and Skiddaw
stand up as modern products of the world's evolution, or are they
very ancient monuments, bearing many hieroglyphics written by the
finger of time ? First then, if we sum up the rocky volumes at our
disposal, we find the following geological formations represented :—
(d) Carboniferous and Basement Conglomerate.
(c) Upper Silurian and Coniston Limestone Series.
(6) Volcanic Series of Borrowdale.
(a) Skiddaw Slates.
Each of these series stands by itself, and is either separated from
its neighbour by a long period of time, as is markedly the case
between (d) and (c), and less so between (c) and (6), or by a decided
change in physical conditions, as between (a) and (6).
1
 For a list of the author's papers on the district see Appendix at the close of this
' memoir.
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About the Carboniferous and Upper Silurian1 we know sufficient
to be sure of their age as compared with the corresponding rocks of
other areas; but it is doubtful whether we are right in assigning,
unhesitatingly, certain definite ages to the series (6) and (a), and
that, too, mainly on the strength of the occurrence in the latter of
certain groups of Graptolites. The Skiddaw Slates may be con-
sidered to be of Lower Llandeilo age, as long ago surmised by Mr.
Salter and believed by Professor Nicholson ; but they may represent
several of the subdivisions of the Welsh Lower Silurian, and I sball
presently bring forward some physical evidence to show the possi-
bility of this latter surmise. At any rate, this much is evident, that
the mountain district of Cumbria is made up of rocks of great age,
and we may consider all the material that now enters into the
formation of our Lake District Mountains to have been formed ere
the lowest beds of the great Carboniferous System were laid down,
and at the present day the beds of Carboniferous Basement Con-
glomerate and overlying limestones, sandstones, and shales form a
rough circular framework to the older and mountain-forming rocks
of Silurian (or Silurian and Cambrian) age, as shown in the Sketch-
Map (Plate II.). We will now consider in succession the physical
conditions which probably prevailed during each succeeding period
of the history of Cumbria, giving first the leading facts in short
abstract, and then dwelling on the conditions which those facts
indicate.
PAST I.—PHYSICAL CONDITIONS OF BACH PERIOD.
A.—SJciddaw Slate Period.
As the name indicates, many of the rocks formed during this period
have now a slaty character. The total thickness of the whole series
we do not know, for no defined base is met with; but there must, I
think, be at least a thickness of 10,000 or 12,000 feet of beds
included under the head of Skiddaw Slates. We will return to the
consideration of possible subdivisions of this formation, later on.
Cleavage is undoubtedly a characteristic feature among the rocks
of this series, and is best exhibited among the fine black slates of the
west and south side of Skiddaw. In such slates it is sometimes
exceedingly difficult to determine the original bedding, and where,
as in many cases, a system of close jointage, and sometimes a species
of secondary cleavage, occur, the task is made still more difficult, or
quite impossible. These slates, representing old marine muds, are
those beds which most frequently contain fossils—as Graptolites, a
few Trilobites, Phyllopod Crustacea, etc. Sometimes interstratified
with the black slates, and sometimes forming thick masses by them-
selves, occur bands and beds of sandy mudstone, sandstone, and
coarse grit. The flags are frequently ripple-marked, and show worm
tracks. The grit occasionally passes into a true conglomerate, with
1
 In conformity with Survey nomenclature used in previous work, I here call the
series above the Coniston Limestone, Upper Silurian, and when speaking generally
of the physical relations of one group to another, I use the term to include all under
the head of (c).
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pebbles of quartz, and fragments of black slate, accompanied some-
times by felspathic portions, giving it a somewhat ashy appearance.
These conglomeratic characters more particularly prevail in a bed
occurring high up in the Skiddaw Series, to be referred to hereafter
(see large-dotted band in Map). Again, in the lower part of the
series, gritty beds very largely prevail, as in Whiteside and Grasmoor
(Hor. Sect. No. 2, a, p. 54), where there are some thousands of feet of
such beds. Fossils are not abundant in the sandy or gritty beds, and
indeed, with the exception of worm tracks, and some doubtful Grap-
tolites in the flaggy parts, and a single obscure shell in the upper
grit of Latterbarrow, none have been found.
Physical Conditions indicated.—In this 10,000 or 12,000 feet of
deposits, we meet with no indications of deep-sea conditions, rather
throughout of shallow-water and shore conditions. Judging from
the way in which, generally speaking, the sandy and gritty beds
thicken westwards, one would be inclined to infer that the current
drift was from the west, and continental land not far off in that
direction. To allow of such a thickness of shallow-water deposits,
there must have been continual depression of the area of deposition,
and the greatest thickness of gritty beds occurring in the lower part
of the series accords well with the idea of such a slow depression
taking place, and causing the gradual submergence of the neighbour-
ing land, whence the coarser sediments may have been derived.
The presence of the bed of grit high up in the series may have been
the result of a special set of currents lasting for a short time, and
distributing the current-borne material very irregularly, as is,
indeed, clearly shown by the great variations in thickness of the bed.
It is quite possible that this bed of grit may indicate either a cessation
of depression and slight denudation of the previously formed deposits,
or even a partial elevation accompanied by denudation. There is
little or nothing, however, in the general course of this grit to
indicate the presence of a marked unconformity, rather would it seem
to point to some slight change of conditions in the depths of the area
of deposition. In the south-west of the district, about Lank Kigg,
and Latterbarrow, this grit is succeeded at once by volcanic deposits,
the black slates of the summit of Skiddaw being entirely absent.
This would seem to show that the volcanic forces came into play
earlier in this direction than about Keswick, and as volcanic action is
generally connected—in the first place at any rate—with movements
of elevation, it may well have been that some such movements
preceded and prepared the way for the deposition of the grit. The
volcanic ashes laid down upon the grit of Lank Kigg and Latter-
barrow contain many rolled pebbles of that grit, and the character
of these early ashy beds is clearly such as to indicate submarine
volcanic deposits. On the other hand, the very presence of rolled
pebbles of the grit proves that sufficient time must have elapsed for
fthe consolidation of the gritty deposit ere the volcanic beds were laid
[down. This leads us naturally and without break into the next
jjperiod—that of great and long-contintied volcanic activity.
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B.—Volcanic Period.
The rocks deposited in the present area of the Lake District during
the period coming between that of the Skiddaw Slates and that of
the Upper Silurian are almost exclusively of Volcanic origin. They
may represent a total thickness of about 12,000 feet. At the base of
the volcanic series only are there intermixtures with rocks of an
ordinary sedimentary character; here, where the junction beds are
exposed, occur alternations of Skiddaw Slate and submarine volcanic
deposits. The rest of the series consists of beds of volcanic ash and
breccia with lava flows. The finer ash deposits are frequently
well stratified and false-bedded. The breccia is of all degrees of
coarseness, from a rock made up of fragments having the size of a
sixpence or shilling to one containing blocks several yards in
diameter. Conglomeratic ash occurs in one or two beds near the base
of the series. Much of the variation in appearance among the beds
of the ashy series is due to subsequent alteration, metamorphic
action producing diverse changes, dependent, oftentimes, upon slight .
original differences in texture and composition—examples of selective
metamorphism. The lava-flows are either good dolerites and basalts,
or belong to a class more or less mediate between these and the more
acidic group of lavas. As is generally the case among volcanic
deposits, the various beds are more or less irregular in their range,
showing instances of rapid thickening and thinning.
Physical Conditions indicated.—The presence of ordinary sedi-
mentary beds interstratified among the volcanic deposits near their
base; the occasional occurrence in this lower part also of con-
glomeratic ash; and the absence of both these peculiarities in the
great bulk of the volcanic series, together with that of fossils in
the bedded ashes,—all point to volcanic action commencing at the
close of the so-called Skiddaw Slate period beneath the waters
of the Skiddaw Slate sea, and the gradual passage from sub-
marine volcanic conditions to those of terrestrial and wholly sub-
aerial volcanos. At first sight it might seem that the regularly-
bedded ashes running at intervals throughout the series, pointed to
subaqueous deposition, but no one can ramble much around modern
terrestrial volcanos without being struck by the frequent cases of
fine stratification shown by the ash scattered around, whether de-
posited in the wet or dry state, and by the not infrequent cases of
false-bedding. It may sometimes have happened also that extensive
deposits of ashy material were laid down in large crater-lakes.
The centres of eruption are difficult to fix upon, as might be
expected amongst volcanic remains of such antiquity. The boss of
Castle Head, Keswick, almost certainly represents one such centre,
and the best developments of lava-flows are all found occurring
within an easy distance. It may be further remarked that since the
lower part of the series contains the greatest thickness of lava-flows,
it would seem that the chief emissions of lava were followed by
long and continued ejections of ashy material. What the height of
the old Cumbrian volcano or volcanos may have been, it is difficult
to estimate; but volcanic deposits were accumulated to a thickness, in
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i parts, of at least 12,000 feet, and the highest beds known (the fine,
I altered, almost flint-like ash of Great End, Esk Pike, and Allen
I Crags) are unsucceeded by any conformable series of sedimentary
I rocks; hence we know not how much of the products of the old
f volcano has been lost, and, for aught we know to the contrary, an
I Etna in size may have once stood where now are the resting-places
jj of quiet lakes. In this connexion it is interesting to remember how
I little of our miniature mountain district would be uncovered, could
| we transplant Etna bodily with its surrounding volcanic ejecta to the
1 site of the present Lake District.
j Note.—In my previous papers, read before the Geological Society,
f and in the Survey Memoir, I have given my reasons for believing
j that the several granitic areas of the district were not connected
I with the volcanic deposits as cause with effect. It may well be
I that one or more large centres of eruption now lie hid beneath.
I the unconformable overlap of Upper 'Silurian and Carboniferous
• rocks.
1 Bb.—Unrepresented Period.
I Between the periods indicated by B and C, there comes an
j interval of unknown duration which we may represent by Bb.
1 This was a time of which we have no records left, but the duration
| of which is made clearly evident by records abstracted. It is as if
j the latter part of volume B was torn away, and hence we infer
j a denuding action subsequent to its completion.
j . Our Cumbrian Etna had ceased its activity, and, as so frequently
j happens, a subsidence of the volcanic region ensued, accompanied
| doubtless by much waste of the volcanic material through the agency
I of atmospheric denudation. Subsidence, however, continued until
S the old volcano came within the planing power of marine coast-
| action, and at last there was probably but little of the old terrestrial
j volcano left above the level of the sea.
| . For Cumbria, this is undoubtedly the point at which one would
draw the line between Lower and Upper Silurian. Here is a great
physical break, and the deposits accumulated above the Volcanic
Series are markedly transgressive in their strike to those of that
series, though, undoubtedly, for a certain distance east of Coniston,
the strikes do more or less correspond. West of Coniston, however,
nothing can be clearer than the successive curving round in strike
of the divisions of the Volcanic Series and their abutment at right
angles against the outcrop of the Coniston Limestone and Upper
Silurians.
The period unrepresented by deposition, but made clear through
denudation, was brought to a close by the formation on the bed of
that Mid-Silurian sea of a deposit of limestone (the Coniston), rich
in the remains of marine life. But here we meet with evidence of
a slight return of volcanic conditions, and mingling with the
calcareous deposit a bed or beds of lava were poured out. This
| . time, however, the lava belongs decidedly to the more highly silicated
•h group, and the felstone now associated with the Coniston Limestone
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probably represents an ancient quartz-trachyte. With this slight
indication of dying volcanic power over the tract under description,
commences another great series of marine depositions quite unaccom-
panied by volcanic phenomena.
C.— Upper Silurian Period.
Under this heading I will also include the time during which the
Coniston Limestone and associated beds were being formed; phy-
sically, in this district, these deposits belong to the Upper Silurian,
although, palajontologically, they may be the equivalents of Welsh
Lower Silurian divisions.
According to Mr. Aveline's determinations, in the Kendal district
the total thickness of these Upper Silurian beds cannot be less than
14,000 feet. At the base of this great series lies the only limestone
bed—that of Coniston—and throughout are alternations of clayey and
saudy deposits, the former much cleaved and folded, and the latter
occurring as flags, sandstones, or grits.
Whether there be a slight unconformity or not between the
Coniston Limestone Series and the great overlying group of Coniston
Flags, practically the whole forms one continuous succession of
sedimentary deposits.
Although no Upper Silurian beds are found north of their Coniston
and Windermere outcrop, there is every reason to believe that the
whole series once extended over the now exposed volcanic rocks, for
there is nothing in the deposits themselves to indicate a land margin
near their present outcrop.
Physical Conditions indicated.—Such a thickness of beds as that
just described implies a continued slow subsidence of the sea-bed
during the whole period of deposition. *The character of many of
the strata decidedly points to shallow-water formation, though it is
hard to say from what direction the material was derived. The
conditions correspond in great measure to those prevailing during
the Skiddaw Slate period; when, however, the uppermost Silurian
beds had been deposited, the Skiddaw Slates must have been buried
some 20,000 to 25,000 feet deep, beneath the piled-up volcanic series
and the great accumulation of Upper Silurian strata.
Cc.— Unrepresented Period [Old Bed).
Again we come upon a period of time unrepresented by written
records, but clearly evidenced by the destruction of the records of
the previous periods. This destruction by denudation was carried
on to an enormous extent, being accompanied, or rather rendered
possible, by great movements of upheaval over the whole tract, which
movements were probably most intense along a NiE. and S.W. axis,
running through the heart of the present mountain district. If we
pile up black cloth in layers to a thickness of ten inches, red cloth
upon this to a thickness of twelve inches, and blue cloth upon the red
fourteen inches thick, then by bringing some powerful force to bear
upon the two ends of the pile, the whole may be thrown into curves
and contortions by the lateral pressure, and the centre portions
consequently raised above the level of the ends. Imagine, then, a
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large pair of shears brought forward which shall cut off or pare
down all the upraised central portion; in this way the uppermost
blue cloth may be removed altogether from the centre of the low
arch, a less amount of the red cloth layers would be removed, while,
perhaps only a few topmost inches of black cloth would be touched,
but the consequence would be that, at the centre of the cloth dome,
an arch of black cloth would appear, on either side of this would lie
inclined layers of red cloth, to be flanked in their turn by similarly
inclined strata of blue cloth. Suppose, now, the ten inches of black
cloth to represent 10,000 feet of Skiddaw Slates, the twelve inches of
red cloth 12,000 feet of Volcanic Deposits, and the fourteen inches of
blue cloth 14,000 feet of Upper Silurian strata; suppose, moreover,
the lateral pressure applied at either end of the cloth to signify a
probable depression of extensive tracts on either side of that over
which these formations are upraised, and the gnawing and planing
action of the sea along the coast-line of rising land, aided by the
powers of the atmosphere, to be represented by the great shears,
then, when the elevation and crumpling had done their work, and
brought the pile of 36,000 feet of strata conveniently under the
denuding agents, some of the outer coats of this dome must have
been pared away, and Upper Silurian and Volcanic deposits being
both removed over the central dome, the Skiddaw Slates themselves
would be once more exposed to view (see Plate II., Fig. 2). Such a
denudation must mean the removal of 20,000 to 25,000 feet of strata,
unless we suppose that within the distance of a few miles (twelve or
fourteen) the thickness of the Upper Silurian beds was much reduced.
To this amount of removed material we must add a considerable
thickness of Skiddaw Slates, themselves cut from- the dome top.
Surely such an action must represent a very great length of
time, yet do we find that it all transpired in the interval between the
close of the Upper Silurian and the deposition of the Eed Conglo-
merate of Mell Fell, ushering in the great Carboniferous Period.
For these Lower Carboniferous rocks (Mell Fell Conglomerate, etc.)
are deposited across the denuded edges of all the older formations ;
at one place they lie upon Upper Silurian, at another upon rocks
of the Volcanic Series, and at yet another upon the Skiddaw Slates.
Thus there cannot be the shadow of a doubt as to the length of time
which must have elapsed between the close of the Upper Silurian
and the commencement of the Carboniferous Period, and of the
greatness of the work accomplished in that time.
It is to the earlier part of this lengthy period, when the Skiddaw
Slates were buried at their deepest, and internal commotions began
to be displayed, that I would assign the formation of the various
granitic centres. In an earlier paper I have treated of the probable
pressure under which they were respectively formed, and called
attention to the fact—in the Survey Memoir (p. 74)—that an axial
line of most intense metamorphism runs parallel with the main axis of
upheaval. That there was a disposition at this period towards
volcanic outburst I do not doubt, and that the mass of the Shap
Granite came nearest to establishing a volcanic connexion with the
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surface I have hinted before; but we have no evidence that the
granitic roots were ever continuous, in this district, with volcanic
vents, though, having no deposits of the true Old Red age (Lower
Old Eed) in the district, it would be unsafe positively to say that
there were not volcanic eruptions within this area in Old Red times,
or that the Shap Granite, for example, does not represent the root of
such an Old Red volcano. Of the three principal granitic centres
(see Sketch-Map, Plate II.) the Skiddaw granite occurs only in con-
nexion with the Skiddaw Slate, which is extensively metamorphosed
around, but the granite, where we now see it, is undoubtedly intrusive;
the Eskdale Granite ranges for a distance of more than fourteen
miles through the Volcanic Series, and is surrounded by an extensive
zone of altered volcanic rocks; while the Shap Granite has altered
both volcanic rocks and the Coniston series. We have, in fact, in
these three masses, granite consolidated at various depths, or the
potential roots of volcanos exposed at different stages.
We shall return to consider the probable length of time repre-
sented by the effects of denudation during this period, when the
chronology of the district is discussed.
D.—Carboniferous Period.
Under the head of Carboniferous I include the beds in this district
formerly classified as Old Red, but which have been shown to be
but the Basement Conglomerates of the Carboniferous. These con-
glomerates are particularly well developed in Mell Fell (1760 ft.
high), and the range of hills extending eastwards from that mountain
to the foot of Ullswater (see Sketch-Map). Their general character
is that of a loose sandy matrix containing pebbles of all sizes and
occasional large and more angular blocks as much as three feet in
length. In parts the larger pebbles are absent, and the beds take
on the character of a coarse grit, always much false-bedded. The
peculiarity of this conglomerate consists, however, in the composition
of its pebbles. In Mell Fell they all seem to belong to sedimentary
rocks, and are composed of gritty and micaceous sandstone similar to
that so largely occurring in the Upper Silurians (Ludlows) of the
Kendal district. Although Mell Fell, rising to a height of 1760 ft.,
stands partly on Volcanic ground and partly on Skiddaw Slate, and
must have once extended much further to the west and even nearer
to the mountains formed of volcanic rocks, yet I have failed to detect
one undoubted instance in the conglomerate of this hill of a pebble
made from these rocks. At Pooley Bridge (foot of Ullswater) a
few cases occur of ash and trap pebbles, though those of sandstone
and grit largely predominate. At Hutton, however, two miles to the
east of Mell Fell, there are many pebbles of ash and trap and of
altered Skiddaw' Slate, occurring with those of sandstone. It is
worthy of remark that the pebbles of trap at Hutton most resemble
the lava flows of Eycott Hill two or three miles to the north-west
(just N. of the railway line). In most cases the pebbles, and even
the large angular blocks, lie with their long axes in the direction of
the bedding. The pebbles are frequently rather elongated and often
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flattened at the sides. In some few cases these flattened sides seem
to bear scratches like those left by glacial action.1 Such are the
chief facts with regard to this Basement Conglomerate, their possible
meaning will be considered directly.
The various beds of limestone, shale, and sandstone which go to
form the Carboniferous framework of the district come in above this
very irregularly distributed conglomerate. Some of the lower beds
of limestone contain quartz grains and small pebbles. Generally
speaking, there are very frequent alternations of limestones and sand-
stone, with occasional shale bands and thin coal-seams. The lime-
stones are often highly fossiliferous and largely made up of corals.
No volcanic ashes or lavas are found in connexion with the
Carboniferous rocks immediately surrounding the mountain district.
Lavas, basaltic in character, and often highly vesicular, occur beneath
the limestone all round the northern side of the framework, from
Cockermouth to Eycott Hill (see Sketch-Map), and could one not
prove by fairly conclusive evidence that they belong to the northern
extension of the Borrowdale Volcanic Series (on the N. side of the
anticlinal), they might readily be taken for Carboniferous basalts,
such as occur among the Carboniferous rocks in plenty upon the
other side of the border.
In one case only do igneous intrusions occur among Carboniferous
rocks immediately skirting the district, and that case is among the
basement conglomerates just east of Little Mell Fell. Four very
small bosses of basalt, wrapped round by hardened conglomerate,
and showing vesicular margins, may be seen close to Mell Fell farm.
That they are intrusions there can be no doubt, and microscopic
examination reveals their likeness to the basaltic dykes of the Pennine
range—a likeness which is also sufficiently evident in hand
specimens.
Physical Conditions indicated.—What was the condition of our
present mountain tract during the great Carboniferous period ? Was
it wholly submerged after the elevation and denudation to which we
have already seen it subject, or was there always a nucleus of dry land
—an embryo of Cumbria—around which the Carboniferous deposits
were laid down ? I do not think this is a question that can ever be
decidedly answered. Long ago it was remarked by Prof. Sedgwick,
that "had our island been laid dry immediately after the Carboni-
ferous period, without any change of relative position among the
great formations, the Cumbrian mountains would have appeared as
a cluster of ancient rocks rising out of a great Carboniferous
plain."2 That the limestone beds extended much farther than
their present outcrops, cannot be doubted; but whether the elevated
and denuded block of Silurian strata was ever completely smothered
under Carboniferous deposits, may fairly be questioned. At first
sight one would naturally suppose that the existence of thick
masses of Basement Conglomerate would clearly point to shore
1
 Some such apparent ice-scratched stones from Mell Fell have been deposited in
the Jermyn Street Museum.
2
 Trans. Geol. Soc, second series, vol. iv. p. 47.
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action; but while these beds do thus indicate shallow-water con-
ditions, and the presence of powerful currents around some land,
yet the material—in the case of Mell Fell, * etc.—is not derived
from the neighbouring Lower Silurians, but won from Upper
Silurian strata, which in the area around Mell Fell must have been
denuded away long since, for, be it remembered, these conglomerates
are laid down partly upon Volcanic rocks and partly on Skiddaw
Slate (see Map), and the latter could not have been exposed until
long ages after the Upper Silurians had been removed.
Since the Mell Fell Conglomerate must have had at one time a
much greater westerly extension, and since it now occurs up to a
height of 1760 ft., the Cumbrian nucleus must have been small,
though to what height it attained cannot be estimated. But what
could cause the peculiar composition of the conglomerate ? Why
should it not be made up of stones worn from the neighbouring
land? This is a puzzle. Was there no such neighbouring land
formed of Lower Silurian rocks ? Then why should there be
exposed Upper Silurian beds—whence the pebbles were worn—laid
bare at some point which one would infer, from the facts of denuda-
tion previously discussed, to be at a distance from the principal centre
of upheaval—farther from the axis of elevation and disturbance
(Plate II. Fig. 2). If Upper Silurian beds, forming the sides of
the anticlinal, were exposed, surely there is every probability that
some land existed nearer to the centre of upheaval. This anomalous
distribution of the material of the Conglomerate led me at one time
to speculate on the possibility of the Upper Silurian sandstone
pebbles having been drifted by current action " around the skirts of
a tract of high land, which, not rising in any lofty peaks, was
effectually protected from marine and subaerial deuudation, at that
particular time, by an icy covering, leaving few or no rocks exposed
above its surface." * Even then it is hard to understand how ice-
borne scratched stones from the Lower Silurian high ground did not
freely mingle with the current-drifted pebbles of sandstone. Again,
how is the great development of conglomerate between Mell Fell
and Pooley Bridge to be accounted for ? It would seem to thin away
very rapidly, both north and south, but especially to disappear
northwards. Can it have accumulated in an old valley 3 or fiord, or
in a narrow channel ? If in the former, how came it to be filled
with material foreign to the surrounding land ? If in the latter—a
channel or strait—may not the Mell Fell deposits occupy the site of
the eastern end of a strait, which at that early period had been
sketched out as the future great valley separating the Skiddaw and
Blencathra group of mountains from the more southern mass of
land.4 In this case one might understand the banking up of shingle
1
 Mell Fell is a mountain of rounded form at the west end of the long patch of
Conglomerate marked on the Sketch-Map, Plate II.
• Survey Memoir, p. 76.3
 Prof. Phillips long ago suggested that the Old Red—so-called^may have been
accumulated in old valleys.—Geology of Yorkshire, vol. ii. p 14.4
 The east and west line of railway on the Map may be taken as the axis of this
now much-deepened channel.
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against the eastern end of the channel, and much of it might have
been rolled well into or through the strait. The subsequent great
deepening and widening of this channel to form the present broad
valley may easily have removed all traces of the further westerly
extension of the conglomerate. (The base of the conglomerate at
Mell Fell stands at about the 1000 ft. level.) This might account
for the great local thickening of the conglomerate along an east and
west line, although of course its present distribution in the form of
a band, two miles wide and some five in length, is due partly to the
overlap of the limestone on the north and east, and in the south its
boundary appears to be mostly a faulted one.
I should be inclined to think that on the whole it was most likely
that the drift of Upper Silurian pebbles was from the south, round
the skirts of the land-nucleus by Shap and Bampton, until, the
current being deflected up the eastern end of the early Keswick Vale
strait, the material might be there banked up and prevented from
being carried further north, partly by the set westwards up channel,
and partly, perhaps, by more or less of a bank on the north side of
the mouth of the strait. Certain it is that north of the present line
of railway (between Keswick and Penrith) the conglomerate is
almost entirely absent.
My former supposition as to the land-nucleus being covered with an
ice-sheet I regard as very doubtful, but one cannot but be surprised at
the scarcity of pebbles derived from the Volcanic series, although, as
I have remarked, they are more numerous at some spots than others.
It may have been that cold conditions prevailed, as rather indicated
by the character of some of the stones in the conglomerate (the
apparently flattened and scratched stones, and the large and more
angular blocks); but if cold prevailed, and ice and snow were at
work upon the land, one might have expected to see more indications
of their action in the shore deposits. There is, however, another
fact which rather strongly militates against the idea of a glacial
climate having prevailed at this time. North of Carlisle, all along
and over the border, there occurs a great development of the
Calciferous Sandstone Series, consisting of many thousands of feet
of beds below the true Limestone Series of Cumberland, as
developed east of the Lake District This great thickness, gritty
sandstones in the upper part, and thin limestones and shales with
occasional coal-seams in the lower part, must, one would suppose,
have been in course of deposition during the period of formation of
the so-called Basement Conglomerate, and, perhaps, long anterior to
the commencement of its formation. Now these beds show no signs
of glacial conditions, the lower part (thin limestones—with ordinary
Carboniferous Limestone fossils,—shales, and a few coals) indicates
similar conditions to those prevailing during the rest of the Carboni-
ferous—sometimes marine, sometimes fresh-water, sometimes terres-
trial—and the upper part consists mostly of thick gritty sandstones
containing thin calcareous bands, and occasional coal-seams with shale.
Hence we must suppose either that (1) previous to and during the for-
mation of the Mell Fell Conglomerate, rocks of a Carboniferous type
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were being deposited in the border-area under ordinary Carboniferous
climatal conditions; or (2) that the Conglomerate was deposited
when glacial conditions prevailed, and that a long period elapsed
between its formation and that of the true Limestone Series, during
which period the Lower Carboniferous of the border-land and of
Scotland was formed under warmer conditions. Now against this
latter supposition is the fact that there are often indications of a true
conformable junction between the upper part of the basement-beds
and the overlying limestones; therefore, if there is no break
between the Basement Conglomerate and the Limestone series, and
no break between the Lower Carboniferous Calciferous Sandstone
series and the same Limestone series, the Conglomerate and the
Calciferous Sandstone series must be considered as more or less
contemporaneous formations, and the doubtful glacial indications
among the Conglomerate are negatived by the general Carboniferous
facies of the climate indicated among the Calciferous Sandstone
series.
All that has now been said about the origin and formation of the
Mell Fell Conglomerate inclines me to think that, at all events
during the early part of the Carboniferous Period, there must have
been a land-nucleus, a Cumbria in embryo; but whether this early
centre was or was not covered over during the later part of the Car-
boniferous Period by deposits of limestones, sandstones, and shales,
is one which must be left open. Certainly, the general absence from
the limestone series immediately surrounding the district of material
such as would have been derived from a tract of land formed of the
Lower Silurian rocks, is in favour of a complete submergence during
the latter half of the Carboniferous Period. Surely, if the present
outcrop of the limestones, etc., immediately around the Lake Dis-
trict, be not far removed from their termination along a shore-line,
one would expect, at any rate, to find water-worn debris won from
the hard rocks of the Volcanic Series. May we not, therefore, rather
believe that after the great elevation and denudation of the Silurians
of the district which took place in Old Red times proper, the
Mell Fell Conglomerate was formed at the mouth of an inlet or
strait running into or through the northern portion of the early land,
and that subsequently that early land was wholly or almost wholly
covered up by Carboniferous deposits as it once more slowly sank
beneath the waters of the sea. The close of the Carboniferous Period
was probably marked by an upward movement over the area of the
present Lake District, a movement during which the denuding
powers must have largely stripped off the outer Carboniferous skin,
laying the old Silurian nucleus bare, never again to be covered up
by unconformable measures. This elevatory movement was probably
coincident with that great east and west one forming the Pendle
Anticlinal.
(To be Continued.)
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